Lithium is an important energy metal. Its concentrations in coals have been studied by many geologists. Its average content is only 14 mg/kg in the coals of the world. Lithium has never been reported as a coal associated deposit before. In order to study the concentrations in Chinese coals, 159 coal and gangue samples were taken from six coal mines and were determined by ICP-MS and the minerals in the samples were identified by X-ray powder diffraction. The results indicate that the Li contents in the coal samples from the Antaibao Coal Mine have reached the industry grade of coal associated deposits. In Tongxing Coal Mine, Li contents in the coal floor rock samples have reached the industry grade of independent lithium deposits. Main minerals are polylithionite, triphylite, zinnwaldite, lithionite and cookeite, which were transported into the peats. Therefore, lithium enriched most likely in the synsedimentary stage in both coal mines. Furthermore, a revised average Li content in Chinese coals was given.
INTRODUCTION
The trace elements in coals have been studied by many coal geologists since long time (Dai et al., 2005; Zhao et al., 2009) . Both useful and harmful elements have been reported by many authors (Swaine, 1990; Tang et al., 2009) . Lithium is the associated valuable element in coal and is also a kind of very important energy metals. Lithium has been named as "new energy metal" and "metal to promote the world advance". One gram lithium may release 3400 kWh energy. Nuclear fusion energy is higher stage of energy use after fission type reactor. A lithium reactor to generate 10 billion kWh energy needs lithium only 10 tons (Metal, 2006) .
The concentrations of lithium in coals have been studied by some geologists (Finkelman, 1993; Zhao et al., 2002; Sun et al., 2009) . US National Committee for Geochemistry (1980) reported that the average content of lithium in coals of the world is 15.6 mg/kg; Finkelman (1993) reported that the average lithium content in USA is From the 1950s to the 1970s, some researchers in the departments of coal industry and mineral resources of China investigated the elements in coal during geological explorations. The enrichment mechanism and the environmental influ ence of trace elements in coal have been deeply studied in recent twenty years. With respect to the ore-forming theories and practical utilizations of metals in coal, germanium was furthest studied and was best utilized among all the valuable trace elements in coal (Zhuang et al., 2006) . Several large or super-large coal-Ge deposits were successively discovered, for example, Lincang Ge ore deposit in Yunnan Province and Wulantuge Ge ore deposit in Inner Mongolia (Zhuang et al., 2006) .
Lithium concentrations in the Chinese coals were also analysed by many geologists. However, neither the important progresses on the ore-forming theories of Li in coal were made nor the coal associated lithium ore deposits were discovered. Their results were listed in Table 1 . In 2806 coal samples, the maximum Li content is 231 mg/kg and the minimum Li content is only 0.1 mg/kg. The average Li content is 28.94 mg/kg. This value is higher than that in the coals from other countries. Lithium has formed a special concentration in some coalfields. The purpose of this study is to research whether lithium has enriched a coal associated ore deposits and its enrichment mechanism. Furthermore, a revised average Li content in Chinese coals was given.
SAMPLING AND ANALYTICAL METHODS
Six bench samples were collected from six coal mines of five provinces (Table 2) . Coal roof rocks, coal floor rocks and clay partings were also taken. Total 144 coal and 15 gangue samples were taken.
Lithium contents were determined by ICP-MS (inductively coupled plasma mass spectrometry) in the laboratory of Beijing Research Institute of Uranium Geology and the Key Laboratory of Resource Exploration Research of Hebei Province. The signal collection of HR ICP-MS lasted 25 s, and the scanned mass ranges were set at 90-120 and 175-200 amu to cover the target elements (Zhao and Sun, 2008) . The minerals in the samples were identified by X-ray powder diffraction, using Ni-filtered Cu-Ka radiation and a scintillation detector in the Key Laboratory of Resource Exploration Research of Hebei Province. The X-ray Diffractometer pattern was recorded over a 2q interval of 3-70°, with a step size of 0.02°.
RESULTS AND DISCUSSION

Lithium contents in study area
The average Li content is 64.7 mg/kg in 144 coal samples. The highest content of 657 mg/kg existed in the Antaibao Opencast Mine. Both values are higher than those values from other researchers in Table 1 . The coal ash content is lower than 8% in the washed coal from this mine. We suppose that all Li can remain in the ash after burn in 5  17  139  24  119  1  18  60  14  28  11  19  106  13  650  5  20  143  36  5  21  222  424  7  22  51  75  0  23  14  28  14  24  29  178  25  25  657  9  26  166  1  27  122  6  28  299  1  29  205  10  30  48  15  31  0  32  2  33  9  34  18  35  2  36  18  40  6  41  2  42  17  43  1  44  8  45  20  46  2  47  2  Average  72  90  17  172  28  8  Total  144 (DZ/T 0203-2002) , the industrial grade for independent Li deposit in pegmatite is 0.8%. According to this standard, the lithium content (0.8424%) has reached an independent deposit in this mine. Sample G2 was taken from the coal floor with a thickness of 0.5 m. Therefore, this coal floor may be taken as independent Li deposit.
Average Li content in Chinese coals
We have collected the Li concentration data of 3000 Chinese coal samples from the references in Table 1 and this study. Four parameters were calculated (Table 3) . The average content is about 30.72 mg/kg in whole Chinese coals. In the PermoCarboniferous coals, the average content is 29.4 mg/kg. This value is even lower than that of the whole Chinese coals. The reason is that the Li contents are lower in the coals from south China. In the Permo-Carboniferous coals from north China, the average content reaches 42.3 mg/kg. 
Concentration mechanism of lithium in coal
Information on the modes of occurrence of trace elements in coal is fundamental to the understanding of thermal and chemical behavior of trace elements during coal conversion processes. The modes of trace elements vary greatly among coals, and it is always possible that there exist extraordinary forms in a specific coal. The concentration mechanism of lithium in coal has been discussed by several authors (Bai et al., 2002; Alastuey et al., 2006; Lucyna Lewińska-Preis, 2009) . Alastuey et al. (2006) reported that Li and other trace elements are related silicates in the coals of Spain. Bai et al. (2002) reported that Li in the coals from the Datong Coalfields is related with clay minerals. Lucyna Lewińska-Preis (2009) studied the concentration mechanism of Li in coals from the Spitsbergen Coalfield, Norway and believe that Li in the coal from the Kaffioyra district is only related with minerals. However, Li is strongly related with organic compounds in the Longyearbyen district. Bai et al. (2002) reported in the paper that Li contents are higher in the fusinite than those in the vetrinite. It is well known that China has abundant Li resource. The Li reserve is at the second position in the world. The main Li deposits located in south and west China. In recent years, super-large Li deposits were found in lake waters in China. Therefore, Li contents are higher in the coal background in China.
There are three Li concentration modes in coals of this study. First mode, lithium enriched only in roof rocks, floor rocks and gangue rocks, not in coals, such as Tongxing Coal Mine. Second mode, lithium enriched not only roof rocks, floor rocks and gangue rocks, but also in coals, such as Antaibao Coal Mine. Third mode, Li contents are lower in both coal and gangue samples, such as Adaohai Coal Mine. According to the regional geology and research results of other authors, there are three possible concentration mechanism of lithium in the coals from the studied coalfields: First, lithium could be enriched in the synsedimentary stage; second, lithium could be enriched by fluids or basin brines after the sedimentary stage; third, lithium could be enriched by tectonic activity after coal formation.
The lithium concentrations reached to industrial grade in two coal mines: Tongxing Coal Mine (Henan Province) and Antaibao mine (Shanxi Province). In the floor sample from Tongxing Mine, the lithium concentrations have reached the industrial grade for independent Li deposit. However, the Li contents in the coal samples are low. Their average content is only 72 mg/kg. This big difference among different strata may indicate that lithium enriched in the sedimentation stage. In order to understand the concentration mechanisms in the Antaibo Coal Mine, the mineral composition in the coals from the mine was analysed by X-ray powder diffraction methods. The results indicate that main minerals are polylithionite, triphylite, zinnwaldite, lithionite and cookeite. These minerals were accumulated in the peat forming stage. Therefore, Li concentration should be formed in the sedimentary stage.
CONCLUSIONS
The results indicate that the Li contents in the coal samples have reached the industry grade of coal associated deposits. Lithium contents in some coal floor rock samples have reached the industry grade of independent lithium deposits. Lithium enriched most likely in the synsedimentary stage in the studied coal mines. More samples should be taken and further research works should be done in the future in order to confirm the lithium concentrations. Furthermore, a revised average Li content in Chinese coals was given.
